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APRESENTACAO

A ocorréncia de manchas de solos alterados e/ou formadas por populagbes pré-
colombianas no ambiente amazédnico sdo conhecidas como Terras Pretas Arqueoldgicas,
Terra Preta de indio, Terra Preta Antropogénica e Terra Mulata. A fertilidade e resiliéncia
desses solos, ndo s6 atraem agricultores locais, mas também cientistas que buscam
entender como esses solos se formaram e como o conhecimento sobre eles pode ajudar
a maior produtividade e sustentabilidade dos solos tropicais. Os solos antropogénicos
amazonicos tém sido alvo de diversos estudos, com destaque para aqueles voltados a
entender as origens das Terras Pretas de indio, mas até o momento sua origem é controversa
entre os pesquisadores. Diversas hipoteses tém sido sugeridas para a formagédo destas
unidades pedoldgicas, a mais aceita € que o homem pré-colombiano os formou de forma
ndo intencional.

As Terras Pretas de indio (TPI) sdo caracterizadas por apresentarem horizonte A
antropogénico e ocorrem em antigos assentamentos contendo artefatos culturais, como
fragmentos de ceramica, e sua coloracao escura resulta do acimulo de matéria orgénica
decomposta na forma de carbono pirogénico como residuo de incéndios domésticos e
queima por uso da terra agricola. Esses solos podem ocorrer em varios tipos de solo,
especialmente Latossolos, Argissolos, Cambissolos e Neossolos. Estes solos ocorrem em
pontos descontinuos em toda a regidao amazoénica, particularmente no Brasil, Colémbia,
Guiana, Equador, Peru e Venezuela e as manchas de solo tém tamanhos que variam de
um a 500 hectares, mas a maioria (cerca de 80%) tem tamanhos de dois a cinco hectares.
Geralmente estéo distribuidos em elevagdes marginais, posicdo topografica que permite
boa visibilidade em seu entorno, proximo a cursos d’agua, que podem ser de aguas claras
de cor branca ou preta. Diante disso, o presente trabalho aborda uma sintese de temas
relacionados aos estudos das Terras Pretas de indio, contribuindo com a comunidade
cientifica em geral para a divulga¢do de estudos em solos antropicos amazénicos, além
de difundir junto a comunidade local a importancia do uso adequado do solo da regido, de
forma que possa usufruir de seus beneficios de maneira sustentavel.

Dessa forma, apresenta-se a coletdnea de trabalhos elaborado por trinta e
um pesquisadores da area distribuidos em quinze capitulos, neste consta aspectos da
pedogénse, caracterizacdo dos atributos, classificagdo dos solos e uso e manejo das
Terras Pretas de indio na Amazénia brasileira. Além disso, relaciona os atributos fisicos,
quimicos e morfolégicos dos solos sob TPl em comparacdo as diversas coberturas
vegetais regionais. Acrescenta-se ainda que nestes capitulos, encontram-se estudos de
caracterizacOes dos atributos, bem como o uso de ferramentas de analises de comparacéao
dos atributos das TPI’s, como a geoestatistica, estatistica univariada e multivariada, sendo

a primeira uma ferramenta muito Gtil para o mapeamento digital de solos, mostrando a



importancia da mesma no estudo da distribuicdo espacial dos atributos como forma de
validacdo qualitativa dos métodos.

Destaca-se que ao sintetizar as ideias de cada tema, este trabalho se torna um
instrumento de base para os alunos de graduacéo, p6s-graduacéo e pesquisadores de
areas multidisciplinares, além de produtores rurais local e regional, haja vistas que
apresenta uma perspectiva diagnostica das Terras Pretas de indio da Amazénia, a fim
de que possa contribuir na orientacdo e tomada de decisé@o junto a essas comunidades.
Para cada tema, ha uma introducgéo inicial que justifica o estado da arte para as pesquisas
em areas de Terras Pretas de indio, dando relevancia as atividades relacionada tanto as
caracterizagdes do solo, quanto ao uso e manejo adequado do solo. E importante destacar
que este documento ndo tem como unico fim ilustrar aspectos ligados a génese das TPI’s
e a importancia do uso e manejo adequado do solo. Mas como esté escrito em linguagem
de facil compreenséo, ele também é voltado para alunos de ensino médio que podem se
confrontar com o desejo de atuar na area de Ciéncias Ambientais e Agrondmicas.

Agradecemos a Pro-reitoria de Pesquisa e Po6s-Graduacdo (PROPESP) da
Universidade Federal do Amazonas (UFAM), que apoiou a realizacdo deste livro através
do EDITAL no 24/2020 — PROPESP/UFAM: PROGRAMA DE APOIO A PUBLICACAO DE
LIVROS - 2020, no projeto “CARACTERISTICAS DOS SOLOS ANTROPICOS E
NAO ANTROPICOS NA REGIAO SUL-SUDESTE DO AMAZONAS.
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ABSTRACT: Having in mind the importance of
knowing the variability and spatial correlation
of soil properties in Indian Dark Earth (IDE), we
evaluated in this study the variability and the
spatial correlation of aggregates and carbon in
an Ultisol under coffee cultivation in southern
Amazonas. It was established a 48 x 88 m
sampling grid spaced 06 x 08 m, totalling 88
sampling points. Then soil samples were collected
at: 0.0-0.05, 0.05-0.10, and 0.10-0.20 m layers.
The spatial variability of the Mean Weighted
Diameter (MWD) attributes, aggregates > 2 mm,
< 2 mm, bulk density (BD) and organic carbon
(OC) was analyzed by adjusting the simple
semivariograms, while spatial correlations of the
OC with aggregates and BD were analyzed by
cross-semivariogram. We could conclude that
there was spatial dependence in the variables,
wherein the largest ones were observed at 0.0-
0.05 m, except for Mean Weighted Diameter
(MWD) and aggregates greater than 2.00 mm
with larger range of values in depth from 0.05-
0.10 and 0.10-0.20 m. The mean weight diameter
and aggregate class attributes greater than
2.00 mm had negative spatial correlation with
organic carbon at 0.0-0.05 m, while the smaller
aggregates than 2.00 mm classes and bulk
density correlated positively with organic carbon
at 0.0-0.05 m and 0.10-0.20 m.
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VARIABILIDADE E CORRELAGAO ESPACIAL DE AGREGADOS E CARBONO
ORGANICO EM TERRA PRETA DE iNDIO NA REGIAO DO APUI, AM

RESUMO: Considerando a importancia do conhecimento da variabilidade e correlagdo
espacial dos atributos do solo em Terra Preta de indio (TPIs), avaliou-se neste trabalho a
variabilidade e a correlagdo espacial de agregados e carbono em um Argissolo Amarelo
eutréfico sob cultivo de café na regido sul do Amazonas. Foi estabelecido um grid amostral com
dimensdes de 48 x 88 m e espacamentos de 06 x 08 m, totalizando 88 pontos amostrais. Em
seguida, foram coletadas amostras de solos nas profundidades: 0,0-0,05, 0,05-0,10, e 0,10-
0,20 m. A variabilidade espacial dos atributos diametro médio ponderado (DMP), agregados
> 2 mm, < 2 mm, densidade do solo (Ds) e carbono organico (CO) foi analisada ajustando
os semivariogramas simples, enquanto as correlagdes espaciais do CO com agregados e Ds
foram analisadas por semivariogramas cruzados. Concluiu-se que as variaveis apresentaram
dependéncia espacial, e os maiores alcances sao constatados na profundidade 0,0-0,05 m,
exceto para DMP e agregados maiores que 2,00 mm com maiores valores de alcance na
profundidade 0,05-0,10 e 0,10-0,20 m. Os atributos didmetro médio ponderado e classes
de agregados maior que 2,00 mm apresentam correlacdo espacial negativa com carbono
organico na profundidade 0,0-0,05 m, enquanto a classes de agregados menor que 2,00 mm
e densidade do solo apresentam correlac¢ao positiva com carbono orgéanico nas profundidades
0,0-0,05 m e 0,10-0,20 m.

PALAVRAS-CHAVE: Agregacéo do solo, geoestatistica, Varioagrama cruzado.

11 INTRODUCTION

The spatial variability attributes of the soil system occurs naturally and in different
levels. It can be due to the intrinsic pedogenic factors and processes of soil formation and
its interactions with the landscape, as well associated to the management (MARQUES
JUNIOR et al., 2008). However, the human activities to Indian Dark Earth formation have
consequences, like a possible spatial variability of the soil properties, being able to modify
the soil attributes with its management and, by using it, degradation can occur.

Being aware of it, the use of geostatistic techniques have being employed in the last
years, aiming quantify the existence of spatial variations in the several physical attributes,
allowing a detailed description of these properties through space (CAMPINAS et al., 2013).
When we know the spatial dependence of the soil attributes, we can evaluate the spatial
correlation between the attributes by a cross semivariogram (CAMARGO et al., 2008),
as shown in the Schaffrath et al. (2008) studies related to the soil physical attributes and
Camargo et al. (2008) with the mineralogy and soil aggregates.

The Amazonas is the biggest state of Brazil. It is rich geologically and
geomorphologically, consequently in its landscapes, reflecting in diversity in the regional
flora. However, the surveys done in the Amazonian region are mostly generic, where detailed
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information is always missing (OLIVEIRA et al., 2015), being necessary the dissemination
by geostatistic, an easier tool which needs less labor time and allows a better mathematic
accuracy estimative values among the georeferenced points.

In this sense, papers (OLIVEIRA et al., 2013, AQUINO et al., 2014, Alho et al., 2014,
SOARES et al., 2015) have shown data evaluating the spatial dependence structure in
grassland and forest environments. Aquino et al. (2015) in five different areas in south of
Amazonas and Silva et al. (2016) evaluating the geometric mean diameter (GMD) and
organic carbon (OC) in a cultivated land under IDE in the Apui region, AM, both had a spatial
continuity to most of analyzed attributes, remembering that this tool improving can help in a
better understanding and interpretation of this region soil attributes spatial variability.

The study of variability associated to the soil attributes spatial correlation, as OC and
its relations with other physical attributes in anthropogenic environments with a so-intimate
character like the IDEs, is unprecedented in the Amazonian region. Based on we presented
before, in this work we evaluated the variability and spatial correlation of organic carbon,
soil density, as well aggregates classes in area of Indian Dark Earth in Apui, southern of
Amazonas.

21 MATERIAL AND METHODS

The evaluated area is situated in the southern of Amazonas state, bordering the
Transamazonic Road BR 230, in Apui. This area is in an Indian Dark Earth, with coffee
plants, at 7° 12’ 05” south latitude and 59° 39’ 35” west longitude. The soil has being used as
agricultural land for six years (two years of grass and four years of coffee). Its classification
is Eutrophic Yellow Argisol according to Embrapa (2013). This soil is equivalent to the Ultisol
(Soil Survey Staff, 2014).

The geology is composed by sandstone of Beneficent formation, recovered by a
clay pack of tertiary. In it is prevailed the primary vegetation formed by Dense Tropical
Forest, with densified trees. The weather in the region is classified (Képpen classification)
as rainy tropical, with a short dry period (Am). The temperatures vary from 25 °C to 27 °C
and the pluvial precipitations vary from 2.250 to 2.750 mm annually, where the rains are
concentrated from October to June (Brazil, 1978).

In this area we established a sample grid of 48 x 88 m with spacing of 6 x 8 m,
totalizing 88 sampling points. After this, we opened small trenches, where we collected
the soil samples at the lays of 0.0-0.05, 0.05-0.10, and 0.10-0.20 m at the crossing points,
totalizing 264 soil samples. These points were georeferenced using the GPSMAP 76CS
(Garmin International, USA).

The texture analysis was done using a solution of 0.1 mol L'" NaOH as chemical
dispersant and mechanical stirring at high speed for 15 min. The clay fraction was determined
by the pipette method, the sand by sieving and silt was calculated by the difference (Embrapa,
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1997). The soil density (BD) was determined in samples with preserved structure, in a
volumetric cylinder (5.57 cm diameter and 4.1 cm high) and then dried at 105-110 °C in an
oven during 48 hours (Embrapa, 1997). Organic carbon (OC) was determined following the
Yeomans & Bremner (1988) recommendations.

Soil samples were removed in blocks, which were air dried and passed through 9.52
mm and 4.76 mm sieves. Then, 20 g samples of the retained aggregates in the 4.76 mm
sieve were used in the wet aggregate stability analysis and subjected to vertical oscillations
for 15 minutes (Kemper & Chepil, 1965). Results were expressed as Mean Weighted
Diameter (MWD), percentage of aggregates greater than 2 mm (% > 2 mm) and percentage
of aggregates smaller than 2 mm (% <2 mm).
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Figure 1. Localization map and sampling grid digital elevation model in Indian Dark Earth under
coffee growth in Apui, AM.

The descriptive statistic was applied using the Minitab Release 14.1 (2000) software
to analyze mean, median and coefficient of variation, asymmetry and kurtosis values. The
normality of the data was examined by the Kolmogorov-Smirnov test.

The spatial variability of all variables of this study was evaluated through geostatistics.
The experimental semivariogram was estimated under the hypothesis of stationarity, by the
equation (1):

A 1 N(h) 5
0= ;[Z(x,-) ~Z(x, +h)] (1)

where: y (h) - the semivariance value in a distance h; N (h) - number of pairs involved
in the semivariance calculation; Z (x) - value of attribute Z in position x;; Z (x, + h) - value of
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attribute Z separated by a distance h from position x..

Permissible mathematical models were adjusted to the semivariograms and
estimated experimental semivariograms estimating the following effects: nugget (CO),
threshold (CO + C1), and reach (A). They were based on the pairs involved in the calculation
of each point of the experimental semivariogram, based on the sum of the squared residuals
(SQR), the estimation of the landing and the coefficient of determination (R?). Then, the
cross-validation (CV) technique was applied to test all the models adjustment procedures.
In order to analyze the spatial correlation between OC and the other evaluated attributes,
cross semivariograms were developed. The estimation of the distribution of variable values
for the unsampled points in the grid was performed by kriging using the Surfer program
(Surfer for Windows, 1999).

31 RESULTS AND DISCUSSION

The results referring to the descriptive statistical analysis showed that a large part
of the studied variables adjusted to the normality, depending on the depth (Table 1). The
proximity of the mean and median values indicates a symmetrical distribution of the data
(CAJAZEIRA & ASSIS JUNIOR, 2011), which can be confirmed by the asymmetry and
kurtosis coefficients, with values close to zero. According to the Kolmogorov-Smirnov test,
only the MWD showed normal distribution at all depths. Except for BD at 0.10-0.20 m, the
other attributes adjusted to the normal distribution.

Assuming the classification criteria for the coefficient of variation (CV) proposed by
Warrick & Nielsen (1980), the only attribute with high variability in all depths was the class
of aggregates < 2.00 mm, while the OC showed high variability in the depths 0.0-0.05 and
0.05-0.10 m and average depth 0.10-0.20 m, corroborating with Corado Neto et al. (2015)
results. For MWD, aggregates > 2.00 mm and BD showed low values of CV, except for BD
in depth 0.10-0.20 m, with mean CV value. Similar behavior was verified by Aquino et al.
(2014) and Alho et al. (2014) in the southern region of Amazonas. Despite the high CV value
observed in this study, we can observe that in 53% of the studied attributes a low variability
is predominant, indicating an environment with low heterogeneity.

Caracteristicas de Solos Antropicos e ndo Antropicos na Regido Sul-Sudoeste do -
Capitulo 15
Amazonas



Coefficients

DSetsa(i;’;%t(i\ée Depth. (m)  Average Median — : do
Variation (%) Asymmetry Kurtosis
0.0-0.05 3.04 3.14 3.18 -0.29 -0.24 0.20*
MWD (mm) 0.05-0.10 3.02 3.10 3.18 -0.32 -0.59 0.20*
0.10-0.20 2.90 2.91 4.82 -0.32 -0.44 0.20*
0.0-0.05 90.60 91.26 4.95 -0.28 -0.45 0.08*
>2mm (%) 0.05-0.10 88.59 86.95 8.37 -0.47 -0.50 0.02
0.10-0.20 81.58 81.99 8.05 -0.37 -0.40 0.20*
0.0-0.05 7.65 6.65 53.04 0.55 -0.30 0.01
<2mm (%) 0.05-0.10 14.40 13.04 49.79 0.76 -0.08 0.02
0.10-0.20 13.83 12.95 50.25 0.62 -0.12 0.20*
0.0-0.05 1.80 1.09 9.25 0.23 0.22 0.20*
BD (kgdm?) 0.05-0.10  1.16 1.18 9.25 -0.20 -0.26  0.20*
0.10-0.20 2.22 2.20 12.62 0.51 1.01 0.001
0.0-0.05 38.96 37.25 29.85 0.38 -0.85 0.03
OC (g kg™ 0.05-0.10 34.96 37.79 29.85 -0.33 -0.67 0.001
0.10-0.20 31.66 32.35 17.37 -0.72 0.24 0.20

(d: Kolmogorov-Smirnov normality test, * significant at 5% of probability.

Table 1. Weighted Average Diameter (MWD) descriptive statistics, aggregate class greater than
2 mm (> 2 mm), aggregate class smaller than 2 mm (<2 mm), soil density (BD) and organic
carbon (OC) in IDE area with coffee growth in Apui, AM.

Although the CV allows comparing the variability between variables among different
units, this information has gained repercussion in the scientific scope. Some authors suggest
that the use of CV should not be generalized, since this coefficient does not allow evaluate
neither the spatial variability of soil attributes, nor its spatial pattern (SIQUEIRA et al., 2010).
In this aspect, the geostatistics is the most suitable tool to characterize the distribution of
one or more (regionalized) variables with a spatial-dependent structure (CARVALHO et al.,
2011, AQUINO et al., 2014).

The semivariogram estimates are showed in the Figure 2. The predominant model
which better adjusts the MWD attributes of experimental semivariograms and aggregates
(> 2.00 mm and < 2.00 mm) in all depths was the exponential one. The spherical model
better adjusted to BD at 0.0-0.5 m and 0.5-0.10 m depths. Yet, at 0.10-0.20 m depth, it was
adjusted to the exponential model. For OC, the adjusted model was the exponential one at
0.0-0.05 m depth and the spherical one at 0.05-0.10 and 0.10-0.20 m. These results agree
with the ones belonged to Souza et al. (2009) and Corado Neto et al. (2015). This behavior
evidences variation in the geospatialization of variables, abruptly for both MWD and classes

Caracteristicas de Solos Antropicos e nao Antropicos na Regiao Sul-Sudoeste do .
Capitulo 15
Amazonas



of aggregates. In contrast, BD and OC presented soft (spherical) to abrupt (exponential)
changes depending on the depth.

When we analyze the relation between the nugget effect (C;) and the threshold (C,
+ C,) (Figure 2), which reports the degree of spatial dependence (DSD), according to the
classification proposed by Cambardella et al. (1994), we evidence that the attributes MWD
and aggregates > 2.00 mm presented strong spatial dependence at all depths [C/(C+C,) <
25 %]. The BD at 0.0-0.05 m depth was characterized as moderate spatial dependence [C/
(C,+C,) between 25 e 75%)] and strong at 0.05-0.10 and 0.10 -0.20 m depths.

MWD (0.0 — 0.05 m) MWD (0.05 — 0.10 m) MWD (0.10 — 0.20 m)
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Figure 2. Semivariograms of the weighted mean diameter (MWD, mm), aggregate class
greater than 2 mm (> 2 mm), aggregate class smaller than 2 mm (<2 mm), soil density (BD, kg
dm) and organic carbon (OC, g kg') in three layers in IDE area in Apui, AM. The acronyms
correspond respectively to the model (Exp = Exponential, Sph = Spherical), pure nugget
effect = PNE, nugget effect = CO, Landing = CO + C1 and the reach (m) = a, R? = coefficient of
determination; DSD% = degree of spatial dependence and CV = cross-validation.
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The OC followed this same behavior. Carvalho et al. (2003) reinforce that the
moderate spatial dependence is attributed to factors extrinsic to the soil, such as the adopted
management, while Cambardella et al. (1994) attribute the strong spatial dependence to the
intrinsic soil characteristics controlled by natural conditions, such as pedogenetic processes,
mineralogical characteristics and landscape.

The extent of spatial dependence (Figure 2) represents an important parameter of
the geostatistics in the interpretation of semivariograms, because its determines the limit
distance in which a regionalized variable presents continuity in space, that is, so far the
sampled points correlate with each other (MATIAS et al., 2013). Thereafter, the lower the
reach, the greater the spatial variability of the attributes (MARQUES JUNIOR et al., 2008).
In this sense, the attributes studied presented different reach values, varying from 12.60
to 78.34 m, and all values above the established one in the sample mesh, indicate greater
spatial continuity of soil properties.

We observed influence in the reach values as a function of depth. Among the variables
studied, the BD assumed the extreme reach positions, with a greater reach (78.24 m) at
0.05-0.10 m and the smaller reach (15.60 m) at 0.10-0.20 m. This disparity is attributed to the
management, which tends to standardize the superficial layer of the soil, mainly reflecting
the BD, considered the physical attribute sensitive to the variations of the management to
which the soil is submitted (MOTA et al., 2013). We can observe that MWD and aggregates
> 2.00 mm have more homogeneous reach values for all depths when compared to the
other variables. In addition, the continuity in the spatial distribution for MWD was greater at
0.0-0.05 m, while aggregates > 2.00 mm tended to stabilize from 0.05-0.10 m depth.

The OC at 0.0-0.05 m showed pure nugget effect (PNE), which is the absence of
spatial dependence, once the structural part of spatial dependence is defined with only
one point. The possible causes for such behavior can be attributed to the analytical error
or undetected variations, based on the sampling distance used in the grid. Therefore, it is
necessary to increase the sampling distance to capture the semivariance of this variable
(CARVALHO et al., 2011).

In general, the reach values tended to decrease in depth for the attributes MWD, BD,
and OC, showing greater spatial variability as it advances in the soil profile, accordingly with
the results of Alho et al. (2014). Tavares et al. (2012) evaluating the spatial relationship of
physical attributes of a Cohesive Argisol cultivated with sugarcane, found reach values for
BD and OC decreasing with depth.

In order to better understand the spatial similarity of the evaluated attributes, cross-
linked semivariograms were constructed, setting the OC and correlating spatially with other
attributes, at the respective depths in question (Figure 3). The results showed that the spatial
continuity of the cross-semivariograms was different among the attributes as a function of
depth. We found spatially negative correlations between OC x MWD, and OC x class of
aggregates greater than 2.00 mm at 0.0-0.05 m, at the same depth OC x aggregates smaller
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than 2.00 mm.
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Figure 3. Crossing semivariograms and the mathematical model adjusted in the attributes: the
weighted mean diameter (DPM, mm), aggregate class greater than 2 mm (> 2 mm), aggregate
class smaller than 2 mm (<2 mm), soil density (BD, kg dm) and organic carbon (OC, g kg) in
IDE area with coffee plants in Apui, AM. Spherical model (Sph) and values into the parameters

are respectively the nugget effect = CO, landing = CO + C1 and the reach (m) = a.

Appropriate explanation for this atypical behavior is due to the greater proportion

of the silt and sand (40 and 29 fold respectively), to the amount of clay. The physical-
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chemical characteristics of the sand fraction, such as, absence of surface load and low
specific surface, impart its non-cohesive character (Brady & Weil, 2008), imparing the union
between inorganic and organic particles of the soil.

The positive behavior of OC x smaller than 2.00 mm is due to the effectivity of
organic matter and clay that, when they associate, they link the smaller particles of soil. On
this assertion, Lima & Anderson (1997) attribute this behavior to the mineralogy of the clay
fraction, constituted almost solely by oxides and hydroxides of Fe and Al, becomes more
affective in the genesis of smaller aggregates, once the oxides are flocculating agents.
Passos et al. (2007) state that the smallest aggregates present higher clay content associated
with organic matter and this chelation is responsible for the higher stock of organic matter
in the soil, that is, a higher stock of OC. In this sense, the cross-semivariogram in fully
illustrated this behavior, showing similarity in the spatial dependence structure up to 61.37
m distance at 0.0-0.05 m.

The negative spatial correlation for BD x OC and with the close reach values at
depths 0.0-0.05 m (a = 19.30 m) and 0.05-0.10 m (a = 22.20 m) showed that these variables
have a similar limit of spatial dependence, that is, they would co-occur simultaneously in
space at these distances. This is due to the greater part of the coffee plant root system at
0.30 m depth (GUIMARAES & LOPES, 1986), as well as the natural and anthropogenic
increase of organic carbon in the IDEs. This inverse correlation is already well understood
in the literature (VASCONCELOS et al., 2014, ALHO et al., 2014).

The evaluated attributes isoline and surface maps presented a large amplitude of the
studied attributes (Figure 4). When analyzed, these maps present clearly that the evaluated
soil attributes variability is dependent mainly of depth and landscape variations (Figure 4).
We can observe that at 0.0-0.5 m depth, the MWD, aggregates > 2.00 mm, < 2.00 mm,
and OC presented higher spatial variability, thanks to the management in the surface and
the surface landscape itself allows a higher soil attributes spatial variability (MARQUES
JUNIOR et al., 2008).

On the other hand, at 0.05-0.10 m and 0.10-0.20 m, there was a more defined
behavior, with very close values and similarities in the data distribution, because as the
soil getting deeper, it follows a more homogeneous pattern, due to the influence almost
exclusively of soil formation factors and processes. This more continuous specialization can
be verified by the semivariograms higher values reached and the greater distance of the
isolines, parameters that prove the smaller spatial variability.

In this aspect, in the compartments with lower OC contents, the lower values of MWD
are similar to the larger ones of BD and aggregates < 2.00 mm at 0.5-0.10 and 0.10-0.20
m (Figure 4). Thus, the lower values of MWD are reflections of the higher BD, so the low
values of BD are result of the high OC content evidenced in IDE soils, according to Oliveira
et al. (2015).
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Figure 4. Distribution isolines maps of the weighted mean diameter (MWD, mm), aggregate
class greater than 2 mm (> 2 mm), aggregate class smaller than 2 mm (<2 mm), soil density
(BD, kg dm), organic carbon (OC, g kg') and pure nugget effect = PNE in three layers in IDE
area in Apui, AM.

More recent studies (SOARES et al., 2015) reaffirm an increase in depth of BD in
IDE area under pasture in Manicoré, AM, due to the OC shortage as it increases in depth.

In a general way we could found that, regardless of the size of the study area, the
small geomorphological variations condition different variability in the soil physical attributes.
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41 CONCLUSION

The evaluated variables presented structures of spatial dependence, and the largest
reaches are found at 0.0-0.05 m, except for MWD and aggregates larger than 2.00 mm, with
greater reach values at 0.05-0.10 and 0.10-0.20 m.

The weighted mean diameter and classes of aggregates greater than 2.00 mm
attributes present negative spatial correlation with organic carbon at 0.0-0.05 m, while to
classes of aggregates smaller than 2.00 mm and soil density showed a positive correlation
with organic carbon at 0.0-0.05 and 0.10-0.20 m.
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de Pernambuco (2009) e Pos-Doutorado em Engenharia de Agua e Solo pela Universidade
Estadual de Campinas (2013). E Professor Associado Il do Centro de Ciéncias Agrarias
da Universidade Federal da Paraiba. Foi professor do Instituto de Educacao, Agricultura
e Ambiente da Universidade Federal do Amazonas (09/2006 a 08/2020); coordenador do
Curso de Engenharia Ambiental (2007-2008); diretor do Instituto de Educagéo, Agricultura
e Ambiente (2010-2014); coordenador do Programa de Po6s-Graduacdo em Ciéncias
Ambientais (2015-2019). Atualmente é Bolsista de Produtividade em Pesquisa do CNPq -
Nivel 2 - CA AG — Agronomia. Editor Assistente da Revista Brasileira de Ciéncia do Solo.
Coordenador da Comissao de Levantamento e Classificagcao do Solo da Sociedade Brasileira
de Ciéncia do Solo (2019 -2023); Vice-diretor da Divisdo | - SOLO NO ESPACO E NO TEMPO
da Sociedade Brasileira de Ciéncia do Solo (2019 -2023). Orienta no Programa de Pos-
Graduacgdo em Ciéncias do Solo/UFPB e Ciéncias Ambientais’fUFAM. Tem experiéncia na
area de Agronomia, com énfase em Ciéncia do Solo, atuando principalmente nos seguintes
temas: Génese e Morfologia do Solo; Mineralogia do Solo e Relagéo Solo-Paisagem.

JOSE MAURICIO DA CUNHA - Graduagdo em Bacharelado em Fisica pela Universidade
Federal do Amazonas (2008), Mestrado em Fisica pela Universidade Federal do Amazonas
(2011) e Doutorado em Fisica Ambiental pela Universidade Federal de Mato Grosso (2016).
E Professor Adjunto IV do quadro permanente da Universidade Federal do Amazonas, do
Instituto de Educacéo, Agricultura e Ambiente (IEAA/ UFAM) e credenciado ao Programa de
Pés-Graduagéo em Ciéncias Ambientais da UFAM, conceito 3 da CAPES. E Lider do Grupo
de Pesquisa Solos e Ambiente Amazénico. Esta autuando na area de Engenharia Agricola
(com énfase em Fisica do Solo e Manejo e Conservagéao do Solo) e Geociéncia (com énfase
em Sensoriamento Remoto), nas seguintes areas de pesquisa: Manejo e Qualidade do solo;
Atributos do solo; Andlises Espaciais Aplicada a Ciéncia do Solo; Estimativas de parametros
ambientais a partir do Sensoriamento Remoto.

ELILSON GOMES DE BRITO FILHO - Possui o ensino médio técnico integrado em
Agropecuaria pelo Instituto Federal de Educacgdo, Ciéncia e Tecnologia do Amazonas-
IFAM (2013), Foi monitor do laboratério de solos e nutricdo de plantas da Universidade
Federal do Amazonas - UFAM (2015-2020), Ganhou trés mengbes honrosas de melhor
projeto de iniciagdo cientifica (PIBIC) em Ciéncias Agrarias (2018, 2019, 2020), Ganhou
Premiacéo de Melhor Trabalho Oral no IV Simpésio Internacional Argentina- Brasil - Cuba
(UFRRJ - 2019), Foi Premiado com 2° melhor trabalho no 9° Simpésio de Gestdo Ambiental
e Biodiversidade (9° SIGABI 2020), Foi voluntario em programas de acao e extensao, Foi
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monitor das disciplinas de Génese, morfologia e classificagdo do solo; Introducéo a ciéncia
do solo; Fertilidade do solo e nutricdo de planta; Introdu¢éo a agronomia; Quimica Geral;
Quimica Orgéanica. Atualmente é graduando em Agronomia pelo Centro de Ciéncias Agréarias
da Universidade Federal da Paraiba (CCA/UFPB), Participante do Grupo de Pesquisa Solos
e Paisagens, Bolsista de iniciagado cientifica do CNPq na area de ciéncias agrarias (Ciéncia
do solo), Membro da Comisséo Especializada de Levantamento e Classificacao de Solos da
Diviséo Solos no Espaco e no Tempo - Sociedade Brasileira de Ciéncia do Solo (2019-2023),
Revisor de revista de periddicos internacionais. Trabalhando &rea de agronomia com énfase
em ciéncia do solo, ja publicando um total de 20 artigos e 53 resumos em eventos a nivel
regional, nacional e internacional.
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